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® A sub-assembly containing an optical element 
and having a holder portion into which a ferrule that 
is attached to the end portion of an optical fiber can 
be inserted with a sufficient gap, an electronic circuit 
electrically connected to the optical element, and a 
lead frame are molded with a transfer mold resin to 
produce a molded sub-assembly. The ferrule is in- 
serted into the holder portion of the molded sub- 
assembly, and the optical coupling efficiency be- 
tween the optical fiber and the optical element is 
adjusted while moving the ferrule in the ferrule inser- 
tion direction or in a direction perpendicular thereto, 
or rotating the ferrule. 
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BACKGROUND OF THE INVENTION ; . dimensions of the parts used, etc. On the otherj^,^-,- 

~ ^7 I - hand, each of optical communication systems etc. j. 

The present invention relates to a, manufactur- . _ ^ .provides a standard, defining the upper and lower;, 
ing method of 'optical modules. More, specifically, limits of the, input and output light povyers of an 

the invention relates to a novel manufacturing,.. ; s - r optical, module used therein. For those reasons, in 
method of a pigtaH-type optical module in which an, , optical module manufacturing processes, optical 

electronic circuit including an .optical eJement ? - modules are assembled using selected sub-assem- 
(photoelectrjc. conversion element-. or. electroopticaj . ^. blies, and a drive current etc. of each module is 
conversion element) and an opticah fiber . for, Jn- " , .sCloseiy adjusted -for the characteristics pf a sub- 
troducing an optical; signal to the optjcal^element or jo : <issenibty used. Therefore, the yield of sub-assem- 
leading out an optical signal from: it are coupled to . blies and the total productivity are, low, and it is 
form a single unit. . . . > r ci*^icult to lower, the price of shipped optical mod- 

In the pigtail-type-optical module, an electronic . ■ ules and to realize mass-productiop.pf optical mod- 
circuit including an, optical element .(lightreniittmg t . ules. . - - . 
element and/or photod^tecting elemenj) and;an .pp- . i5 ,,i.,ri£ As .a countermeasure, it has been proposed to 
tical fiber for introducing an. opticaL signal ' to the app'y. to the optical, module production process, 
-optical element or. Jeading out ..^an : optical signal ,. the transfer molding technique Jhat is e^ 
from it are , coupled tp fprm ^i^signal unit. That i?, ■. ; ' /.-th© packaging of massTproduction-fype integrated , 
the pigtail-type optical rT\pdule ish mounted on a , . • circuits. Fig. 10 sjiaws an .example of a structure of 
circuit board together with ^electronic circuits etc.. . 20, a^ sub-assembly :to be , used in rrianufacturing op- . • 
appropriate for the purpgs^^-and serves as, a conrt-. , tical modules using the transfer molding technique, 
ponent interfacing between the electronic circuits > - j As shown. in^ Fig.,. according to the transfer '.^ 
and an optical signabtransnrilsslpnjiries. ^ : . , , molding technique,^ a |ub-as"sembly 22 inclu^^ 

Fig. 9 shows a .structure and ^a manufacturing , , receptacle portion 21 for receiving an optical con- ^ . 
method of a conveational pigtail-type optical- mod-^^ 25 ,| nector connected- to. the end portion pf an optical 
ule which is,; a, light .transmission module. having a ; fiber and a light-receiying^ portion or. jigm^^ 
laser diode (LD). as a fight source. V - - : ' portion 25 consisting of an optica] element. 23, lens ^ 

As shown in Fig. Q. in the conventional pigtail- .24, etc. are preliminariiy.wire.d to ^ lead frame (noV r 

type optical module, a circuit board. 12 on which an , - shown) on which an electronic circuit is. mounted.. , 
integrated circuit 11 js mounted and a syb-assem- 30 The wired assembly is, then molded with ;a. transfer .7. 
biy 13 including an optical filer 13a and an optical -mold resin. After the. molding, unnecessary portions 

element coupled to each other to form a single of the lead frame are removed and the outer leads 

assembly are incorporated in a metal package 14 , , ,are shaped. . , 

to constitute a signal unit. r, . .'s above process according to. the transfer . 

The optical .module having, the, above structure , 35 molding technique, a metal mold containing the 
is manufactured by-the following process. First; the . - parts needs . to be heated, to i 50-200 'C in the. 
sub-assembly: 1,3, is produced, by combining; with a nnolding step.. Therefore, mainly from. the he^t. re- 

sheath 13c, a sub-package 13d ^containing the op- , . si.stance of the opticjal fiber,, it is concluded jliat the . .. 
tical element arid the optical fiber 13a to which a. .. . above process cannot be applied to ihe production ' 
ferrule 13b is attached., Then,. the sub^assem^^^^ .40 .. of the , pigtail-type optical'module vir.bich includes' 

is attached to the metal , package,- ii4-- haying the-, - . even the optical fiber as a member of the. sfngle/ 
circuit board. 12. and the sub-assiembly J Sj-and Jhe . 1- -unit. Further, in another nrianufacturing process in ' ' _ 
circuit board 12 are electrically connected to each • .wh'ch the optical fiber Js attached ,after the transfer' ' . 

other by soldering or:.bonding. Fin^ily. ^the metal . . molding step,. therk is no nriethod . for adjusting the 
package 14 is sealed by .a cover, to becorne the 45 . 9ptical .coupling efficiency betvyeen the j^^^ 
complete optical module. The optical. coupling effi-.- .. ; and the optical element, so that the productipn . '^ * 
ciency between the optical fiber 13a and the optical . yield is not staW^^^^ . .'r --^ ^ 

' SUMMARY dp THE INVENTION ^ 

• > i , , ■ i 

50 . ^ .... 

-- An object of the present iaventibn is to provide, ^ . / . 
by solving the above problems in the art, a novel ' 
manufacturing method capable of efficiently pro- 
. ducing a pigtail-type optical module having a pre- . 
55 - determined optical, coupling efficiency using the 
. . transfer molding technique . that, is .suitable for 
mass-production. 



element is adjusted by aligning their optical axes at 
the time of producing the sub-assembiy 13. . 

In actual production of the above type of op- 
tical moduleSi a separately supplied sub-assembly 
is used which is a single component including an 
optical element -and an optical fiber or a receptacle 
portion. However, even where subassemblies ac- 
cording to the same standard are used, finally 
produced optical modules unavoidatDly have a vari- 
ation in optical coupling efficiency .due to variations 
of the light output power of the optical element. 
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According to the invention, a method for manu- 
facturing a pigtail-type optical module corhprising, 
as a single 'unit, an optical fiber and an' optical 
element optically coupled to each other and- ah' 
electronic circuit electricalty connected to the op- 
tical element, comprises the steps of: 

transfer molding a sub-assembly containing the 
optical element and having a holder portion ca- 
pable of receiving a ferrule, and ' the electronic 
circuit electrically connected to the optical ^iement. 
to produce a molded sub-assembly; and - 

inserting the ferrule attached to an end portion' 
of the optical fiber into the holder portion of the 
molded sub-assembly, and adjusting optical cou- 
pling efficiency between the optical fiber "iaTid the ' 
optical element while moving or rotating the^ ferrule' 
within the molded sub-assembly. ■ - *' ' ' 

The optical module mahufacturing rfiethod of 
the invention is mainly characterized ''in that the 
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According to another emtDo'diment of the inven- 
'* tion, in the above manufacturing method, the fer- 
' Vlile is connected to- the- sub-assembly via an inter- 
'rhediate member' -havirig 'a proper ' shape. As a 

• iesult,* it betonr>es -pbssiblelG smoothly change the 
' optical coupHng feffrciency between the optical iiber 

and the optical efemenf^by translating' the ferrule 

• without changing th'e Orientation of 'the • inserted 

• ferrule. This makes it* possible to easily p'erform 
" Adjustment of the dpticaPcoupling efficiency - 

According to-stlfl anbtheT' embodiment, in the 
above manufacturing method, the end face of- the 
^''"6ptical fiber (actually, together withF-the 'end face .of- 
^'^he ferrule) J is*' pVeliminarily' ground sc^- as-^toi be' 
inclined frorti-'fhd^pIaHe-iperpendicularto the' optical 
' aScis of the optical fi6er' end' iDortibn. As a Wsult of 
%is grinding, 'the -bptfcal coupling effiofen^y ' be- 
■fween the dptibaf fib6r arid the^t^ic'al element 
varies In accordance wRh^'tlf^ rotatiOrt angle^^ of the* 
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Step of attaching' ifhe optical fiber is perforrti^d aft6r''*';^iD^''^^flrruleV^ Therefbr^e,- it becomes possible -tb^ easily 
the transfer molding step., and that it is intended to ' 
enable easy and' correct adjustnifent of the' opitlc^r- ' 
coupling efficiericy' between thW' ^optical element' '- 
and the opticaf fiber ' '^ • ; " ; "' ^' 

That is. as described above; conventionally the ' " 
pigtail-type optical module cannot' be- produced us- * 
ing the transfer moldlrlg" technique because the' - 
sub-assembly having the optical fiber * attached 
thereto cannot be ' introduced intd a metal moid.' 
Further, the rhethbd for adju'stirig th^ optiear cou- 
pling efficiency of trie optical fiber has hot beVri • 
established which is necessary to attach the optical 
fiber after the molding step. 

In contrast; according to the nianufacturing 
method of the invention, first the lead frame on 
which the electronic circuit is mounted and the * 
sub-assembly including the ferrule * receptacle por- * 
tion are transf^r-nnblded to t^i^ovide a singlie''urrit.' ' 
Then, after the ferrule is attached tb the end^ por- 
tion of the optical fiber, the ferrule is inserted' into*" 
the molded sub-asserhbly, to thereby optically cou- ' 
pie the optical element with the optical fibeh In this 
state, according to the invention, ttie optlbai cou- 
pling efficiency, between the optical element and; 
the optical fiber can; b^ adjusted' by using th'e ' 45* 
optical element itself. ' * " ' ^^'r . '3'- .i j ^i.; 

According to one embodiment of the inventioTV, ' - ■ 
within the sub-assembly to be subjected to the 
transfer molding, the optical element is disposed. 
so as to deviate from the optical axis of an optical 
system provided between the end face of the op- 
tical fiber and the' optical element. With this ar- 
rangement, the adjustment of the optical coupling 
efficiency between the optical fiber and the optical 
element can be perfbrmed easily because it varies 
with the insertion depth of the ferruleMnto' the sub- 
assembly. 



^'pi^rform adj^strfterit- 'of the '■ ojaticaf ^coupling effi- 
ciency. '^J-'i .'/ic^TtiCi 0 >- :v:T.^'id 
... j^^' According to the mariufactl:irifiig"*method of the 
''";^'-"invention as'- 'sunnfrTnarized -above,' the pigtail-typfe 
25^" -bpticaF^iodufe-cari produced iusing the' transfer 
* ' / molding technique, which iS' suitable ■'f6i'~ mass-pro-" 
d'uction and capable of reducing -the. production 
^ "CCst. Further; the OpffcaK* cbiipllng efficiency be-' 
' 'tween the optidat'ffbeV ar^d'^the optica! element in- 
the optical module can be -adjusted with high accu-- 
' racy and ease bf operatfdn.'As a result.'it beconhes 
possible to relax the^ standard in selecting sub- 
assemblies based on varratiorts'ln their characteris- 
tics, and to simplify or eliminate the adjustment of 
th6 drive cuiVerit.-ib^ thereby 'enable low-cost, high- ' 
/ speed prodiiclion df 'pig%ai l-typfe '• bptical * modules 

• ^ -'%at satisfy de'sired'^^tanBard of ah 'optical corhmu- - 

■ - riication systehn, fete. Further, since the"nrianufactur- 
- "^'Ini^ method 'of the iriv^rftfori-'ean prwrde a wider* 

40 ' ■■ afcfjusthient rangePdf Ijre-optrcal c^ 
' • it can acconnthKidate,^fbrihstahce,-a wide variety of 

* ^ * 'Specification^ aritf fereje variatiorfs "of 'the character-- ' 

■ =^*'i"^ics of the devfce^ used?^'- 
* O T fdllowrn^; 'th^'^frivention is described* in 

S^tail by way of ^erHbodim'ents. However, it is rroted 
that the scop^'bfVthe invention is 1ri no way limited • 



o: 



tb'^those embodiments. 
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BBIEF DESCRIPTION OF-THE DRAWINGS 

Fig. 1 is a sectional view showing an example of 
* a structure of- a sub-assembly that can be used 
in practicing an optical module manufacturing 
method according to the present invention; 
Fig. 2 is a perspective view used for describing 
• the initial step of the optical module manufactur- 
ing method of the invention; 
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Fig. 3 is a perspective view showing an optical 
module imn^ediately after completion of a trans- 
fer molding step; ' ' ' ^ ^ -j \ . 

Fig, 4 is a sectional view illustrating ' a methidd of- 
attaching-an optical fiber and a ferrule to tKe ' 
sub-assembly; ■ ' " ' 

Fig. 5 is a '^raph used for describing a- first-' 
method" of adjusting the' opticaT'couplinig effi-''- 
ciency between the opttGal fiber -and an dptibai 
element; ' ' " • ' ' ' ■ ' ' • ' 

Fig. 6 is a graph used -for describing a -second 
method*^ of -adjusting the optical- cbuplirig effi- 
ciency between the optical fiber and the optical 
element;-' ' • - • - - . " ' - 
Fig. 7(a) iS' a graph used for describing a" thirds- 
method of adjusting the optical - coupling ''effi-' -^ 
ciency between the optical fiber and the optical 
element; -Figsi.^ 7(b) 'and * 7(c) *areh sectional - views * ^ 
used for -describing the tiiird-mfethbd of 'adjusting - ' 
the optical coupling efficiency between the bp- - 
tical fiber and the optical elements ' • ■ 
Fig. 8 is a" perspective View showing an appear-'^' ■ 
ance of an - optical rfiodule pfbduced %y"'the' - 
manufacturing rhethbd of the'" invention; ■ ' 
Fig. 9 is a perspective view-illlTstratihg-a struc- ' 
ture of a conventional optical ■moclule and - a 
manufacturing nhethod therefor; and 
Fig. 10 is a--sectl6nal view showlrig a 'typical ' ' 
structure of a sub-assembly used 1n *tHe conven- 
tional optical modCile of Fig. 9. ^ ' . ' 



DESCRIPTION OF THE PREFERRED EfVIBQDI- 
MENTS ' ' ' ' 



A manufacturing method %f an optical •rhodule 
according to the present ^rnventidnV' specifically a ' 
manufacturing method of an optical module using a 
laser diode, as --an optical element, ' is deseritbed-' 
below in detail.' - ---v:. ; ?' ^ ^r.. . . . i.- • . 

Fig. 1 is a section;^Kview showihg 'ari:.example 
of a structure of a sub-assembly 30' 'used in prac-' 
ticing an optical' module-manufacturing nnethod of 
the invention. The sub-assembly' 30 rfiaihly-con- ■• 
sists of a cylindrical hdlder'38 'ahd 'a'<!i^c-sh'aped ' 
stem 36 attached to one end of the -holder 38; For ■ 
convenience of hand ling, -si "groove 38a is formed in- 
the holder 38 on ifs oute'r^side'. A' sphere lens 31 v a * ~ 
cap 32 for supporting it', a light-eVnitting elennent 33 
and a monitor phdtodetecting ele'meiit'34, and a 
sub-mount 35 for supporting the eFements 33' and" 
34 are mounted on the inner surface of the stem 
36. On the other hand, lead pins 37 for connecting 
the light-emitting * element 33 and the monitor 
photodetecting element 34 to an external electronic ^ 
circuit are provided' outside of the stem 36. • 

The sphere lens 31 is fixed to the cap 32 with' 
an adhesive 32a such as low melting point glass, 
and the cap 32 is welded to the stem 36 by 



resistance welding etc. The light-emitting element 
•33 and the monitor photodetecting element 34 are' 
' * fixed to the sub-mount 35 by die bonding. Th# 
' ' "light-emitting - element 33 and the' monitor 
5' photodetecting eierhent 34 are electrically connect- 
- ed to'the lead pins 37 and the stem 36 directly^or 
via wires etc. The holder 38 and the stem- 36 are 
fixed to each other, for instance. ' by resistance 
"welding or laser welding, or with an adhesive. - 
10 ' In the sub-assenribiy 30 thus constructed, while 
■the center of the sphere lens* 31 is located on the 
central axis of - the 'holder 38, ' the -light-emitting 
' 'element 33 is located so as to be spaced from'' the 
central axis of the tidlder 38. Therefore, a "focus F 
76- "'bf light emitted from 'the' light-emitting etement 33 

■ and converged ' by" the spheris leris ' 31 deviates 
from the central axis of the-holder 38 as shown in 

" Fig. 1. In other wordsV the' central axis of the fight- 
■ Beam having the fociis F and the central axis of the 
20 holder 38 foi'm • a predetermined angle. A specific 
"distancie between the light-emitting element 33 as a 
point light source and the central axis of the holder 

- 1 38 is approximately -50-1 00 'urn. ' ^ • , ' 
'r.c' :~r: Although the ' sphere tens 3r is used as" the' 
-25 ' Optical systerh^ in^the example of Fig. an as- 

' pherical lens or a rod leris may fee substituted 
therefor without causing any 'change in function! 
Further, the sphere lens 31 as the optical system 
may be disposed such that its center is deviated 
30 ' perpendiculariy' from the central axis of the holder 
38 while the 'light-emitting element 33 is placed on 
' the central axis of the holdeV 38. 

Fig. 2 illustrates the iriitia! step of the Gptica! 
^ ■ rhodule manufacturing process according to ^ the 
-:i5 ' Invention that is practiced using ^the-slib-asserhbly 
30 of Fig. 1. 

As shown in Fig. 2, first a ceramic circuit board 
43 having a conductor pattern and -resistors printed 
thereon is bonded' to a flat lead^ frame 44 with a 
40- '' conductive resin etc.' ThenV 10 chips 41. capacitors 
42; etc., which are necessary to provide an- optical 
' module having desired functions, are mounted on 
' the circuit board- 43 by die bonding usiiig a con- 

- ductive resiri, solder, etc. The sub-assenhbly "30 
■45 " including the-optical element* and 'the optical sys- 

- tem is also mounted on the lead "frame 441 Then, 
pads on the circuit bbard 43 and the' lead -pins 37' 
' '-- 'df ^the sub-as^^hibiy 30'are electrically connected-- 

■ to the lead frame 44 by^bbndifig wires 45 such as* 
50 Al wires and^Au wires. In this step, characteristics 

' ' of a drive circuit' may be adjusted by " such a 
technique as laser trimming. - - 

- In the next step, with the circuit board 43,- sub- 
assembly 30 and lead frame 44, which has been 
55 assembled into a single unit in the above manner,' 
• ' placed in a metal mold, a thermosetting resinHs 
■' injected into the' metal' mold to effect transfer mold- 
ing. Then, unnecessary portions of the lead frame 
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44 are regioved and outer leads 44a are shaped . 
properly. A resin .package 50 as shown in Rg. 3 is 
obtained as a result of the above steps.. As shown j .-■ 
in Rg. 3, a pigtail unit 60 including an optical fiber 
61 and a ferrule. 62 is not yet attached -to the .5,^ 
package 50 at this stage. 

As shown in Rg. 3, the optica) fiber 61 having^ 
the ferrule 62 attached to its end portion, is con- 
nected to the sub-assembly -30 via a sleeve 63. . , 
Rg. 4 is a sectional view. showing in .rnor« .(detail -^lo 
how the optical fiber 61 and the . ferrule. 62 are .- 
connected to the sub-assennbly 30. . - - 

As shown in, Rg. 4.. the inner^diarneter of the . 
holder 38 of the sul3-assembly:.3f0 is larger .than the - - 
outer diameter - of the ferrule 62. and a sufficient is 
gap exists between the holder 38 and the ferrule 
62. The sleeve. 63, that is inserted between the- . • r 
ferule 62 and the holder 38, is generally; cylindrical, .-^ 
and its inner diapQet^r is approximateJy, equal to. the 



r the X-directioa together with the sleeve:; . As 
V shown in Rg. 6, a peak appears at a position -P-2 
;-.;and the opticaL-couijIing, efficiency decreases as; 
-"jhe ferrule. -62 acid^,tf>e -^l^ve 63 move^ avyay -from,; 
; the position P-2. ' . . ^ 

Further,- Rg, 7(a), js^ a graph, sh9wing a^^variation . 
.of the optical- coupling^ -state of the -optical fiber 61 
.when the fewAJte 62 is- rotated .by .the angle e. As 
shown in Rg. 7(a), the optical coupling efficiency 
varies with a^ period corre,sponding v to one ; rotation. 
. of the ferrule 62^.^with a- rotational pqsitionrp^3. a&^ 
vpeak position. - ; ^^.^ ^ .^^ ' r. . - - 

- . As shown in Rgs. 7(b) and 7(c), it is advanta;- , 
-geous that the. end fac^ of the^-ferrule 62^; 4ogether; - 
^with the end ^ face -of the opti.c^ fiber 61, be ^ound 
so as to be inclined from the.i plane per|*^ndicular 
r to the optical axis, of the opti<^l. fiber 61. jQfiginaHy, 
Jn transmission optical modujes. using a ia§ser djode 
.as a light soyrcei t^fe ,^end face-of tha-^erTjuje Js .^- 



outer diameter of the ferrule'62.,One end portion of , . 20- -,T2.ground to incline it to thereby prevent the return. 



r 



the sleeve 63 is shaped intp;a ilange portippj which^, 
is in close contact with the end- face; .of -the^holder. ^ . 
38 of the sub-assembly 30. Therefore, the^ ferrule - 
62 can be freely inserted into .the sleeve, 63,. and 
by moving the sleeve ,63 the ferrule 62 can be- 
translated in the X-direction without changing its 
orientation. - . ^\ ■ ... - 

In the assembled state of Fig. 4, the'ferruie-62,^ 
can be positioned in three ways, i.e., advanced, or . 
retreated in the.- optical axis direction -Z of ~^e 
optical fiber 61 held by itself, translated in thevX";: 
direction perpendicular to the optical . axisf of the 
optical fiber 61 by using the, sleeve 63, and rotated 
by an angle 6 about. the optical axis of the optical 
fiber 61 , An arbitrary optical coupling efficiency can : 
be obtained by effecting the Dositipning while monT. 
itoring a light output with the-ferrule 62 insefte.d, in - 
the sleeve 63. -After the. adjustment, the ferrule 62^ 
and the sleeve 63 can be fixed to the,rsub-assem- 
biy 30, for instance, with an adhesive or , by laser, 
welding. . . : , y^—y:: rr. • 

Fig. 5 is a ;graph .showing a variatiorr-pf;,the > 
optical coupling state,, of ^ the pptical fiber 6r -when » 
the distance between ::the. end face of the ppti(^l 
fiber 61 and the sphere Jens- -31 \s changed , by 
advancing or retreating, [the/ fermla 62. Jn; thes-Z- ^ 



25- 



30 



direction. As shown in Fig: 5, the optical; coupling c^.r. 
efficiency varies . wjth the end face position of the 
optical fiber .61 with a position - P-l as . a - peak -^r ^ 
position. That is, as the- ferrule 62 is gradually so 
retreated in the Z-direction after inserting it deeply, : 
the light output gently increases until reaching the 
peak at the position p-1 and thereafter decreases.- 

Rg. 6 is a graph showing a variation of the 
optical coupling state of the optical fiber 61 when ss 
the distance between the optical axis, of the end 
portion of tiie optical fiber 61 and that of the sphere 
lens 31 is changed by translating the ferrule 62 in 



-i jight reflected.. from the ferrule end face from mak- 
J mg the oscillatioh-;.st^te;,pf th^ lasej^^diocjle .unstable. 
, Besides this advantage; the .pr.esent embodiment 
(Utilizes another, advantage obtained by grmding^ the v 

c ferrule end face to inclii;^e it u ^ .;\ , • 

That is, by inclining the endJace = of the ferrule ^ 
I, 62 by grindii;tgi.the distribution of Jhe output light or - 
, tinput light at the end face . pf the pptical. -fiber 61 

deviates in accordance with the inclinatipn of the - 
, pnd face of the ferrule 62. as a result of which the 
.y central axis of the; output or input- light- beam forms ■ 
: a certain angle with the"cehtfal axis of the optical 
, fiber 61. Therefore, when the ferrule 62 is rotated, 
;.r the optical coupling efficiency bpty^een .the optical 
35 (.;. fiber 61 and^he pptiGal. element varies, as shown in 
r V, Rgs. 7(b) and 7(c),; . ^ , ... 

As deseribect ;.:abQye. j,n- the manufacturing 
r.-.c method according to the invention, there are three-,-- 
.; : :^^rmethods for,^adiusting the;ppti^j coupling jefficien-/ 
40, A ey between thej optical Jibfr^jBil" and the optical 
; . .;^,element. In *a praqiac^l ;:S§nse/ ■jt.Js -advantageous 
that first the -adju^tfn.ent rp:'the .^lrection (X-direc- ; 
-tipn) perpendlculaf ,tq ,the pptical axis be. performed 
. tp.pbtain the rpaximum. optical coupUng lefficiency, - 
45.; and then the -adiustment in^the pptical axis dire^^^ 
-K-* .rLCZ-clirection) be? performed to obtain, an .:appropriate' 



T: It.: 



(light output. .Thij&,jSrbecayse^]th|5j;rapid variation of 
-;,( the light output -withi . respect- to the -rnovement of . 
->the ferrule 62 in the X-direptipn makes it difficult to 
• perform precise adjustment. From another 
viewpoint, since only a slight shift in the X-direction 
of the ferrule 62 causes a large variation of the 
optical coupling efficiency of the optical module, 
the optical module tends to have low long-term 
-stability of the, optical coupling efficiency if the 
optical coupling efficiency is finally adjusted in the 
X-direction. 
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An experiment was performed by producing an 
optical module using a single-mode optical fiber as 
the optical fiber 61 and a laser diode as the optical 
element. A preliminary adjustment was made in the 
X-dlrection to provide the maximum light output. 5 
When the ferrule 62 was moved in the Z-dlrection 
by 500 um, the light output decreased by 8 dB 
from the maximum value. This means that if an 
optical module having an adjustment range of 500 
um is produced, the light output can be adjusted io 
within an 8-dB range. 

In the adjustment method of rotating the ferrule 
62 having the end face inclined by grinding, the 
adjustable range is determined by the offset of the 
optical element from the optical axis of the sphere 75 
lens 31 and the inclination angle of the end face of 
the ferrule 62. As an specific example, when the 
offset is 50 um and the inclination angle of the 
ferrule end face is 4', the light output has a 
variation range of 3 dB with the rotation of the 20 
ferrule 62. To perform the entire adjustment only 
by moving the ferrule 62 in the Z-direction, it may 
be necessary to make the total length of the optical 
module excessively large. Therefore, it is better td'V 
also use the adjustment by the ferrule rotation. , » 25 

Fig. 8 shows an appearance of; the optical 
module completed by the above-descr'ibed manu- 
facturing process. As shovyn. after the ;light output 
is adjusted by the above method, the ferrule, 61, 
sleeve 61 and sub-assenribly 30. are fixed to each 30 
other by. for instance, -laser .welding -to -compiete 
the 'Opkioa! 'module. 7*. ji., ^ 

As described above, according to Jthe adjust- 
ment method of the invention in which the ferule is 
linearly moved or rotated, the light output can be . .35 
adjusted in a wide range and precise (adjustment - 
can be made easily. Therefore, variations- in ther,;^ - - 
characteristics of the optical element arid ihet.sub-";^' 
assembly can be compensated in wide ranges by 
the adjustment at the time of the optical module 40 
production without adjusting the drive current or 
with only a slight adjustment thereof. As a result, 
the manufacturing process of the optical module 
can be simplified and allowable ranges of the char- 
acteristics of the sub-assembly and the optical 45 
element are broadened, to thereby greatly improve 
the productivity and the production cost. 

According to the manufacturing method of the 
invention, it becomes possible to produce the 
pigtait-type optical module which Includes even the so 
optical fiber as a member of the single unit using 
the transfer molding technique. That is, the optical 
fiber is attached after the completion of the transfer 
molding step. 

Enabling the mass-production of the pigtail- 55 
type optical module at low cost with uniform char- 
acteristics, it is expected that the invention will 
accelerate the development of the optical commu- 



nication systems. 



Claims 



1. A method for manufacturing a pigtait-type op- 
tical module comprising, as a single unit, an 
optical fiber and an optical element optically 
coupled to each other and an electronic circuit 
electrically connected to the optical element, 
said method comprising the steps of: 

transfer molding a sub-assembly contain- 
ing the optical element and having a holder 
portion capable of receiving a ferrule, and the 
electronic circuit electrically connected to the 
optical element, to produce a molded sub- 
assembly; and 

w inserting the ferrule attached to an end 
pbrtion^of Jne optical fiber into the holder por- 
tion of the molded sub-assembly, and adjust- 
ing optical coupling efficiency between the op- 
tical fiber and the optical element while moving 
^ or rotating the ferrule within the molded sub- 
assembly. 

2. . ..the method of claim 1, wherein a beritral axis ' 
. of a light beam for coupling the optical etenrient - 

■and an end face of the optical fiber forms a 
/predetermined tangle with an insertion direction 
' of the ferrule, and wherein said method com- 
prises adjusting the optical coupling efficiency ' 
while, moving the ferrule in its insertion direc-- 
tion, 

3. The method of claim 1, wherein an inner diam- 
eter of the holder portion of the sub-assembly 
is sufficiently larger than an- outer diameter of 

- • -the ferrule; and wherein said method com- 
■ ; prises adjusting the optical coupling efficiency 
while moving the ferrule in a direction per- 
pendicular- to the insertion direction of the fer- 
rule. 

4. The method of claim 1 , wherein an end face of 
the optical fiber is ground so as to be inclined 
from a plane perpendicular to an optical axis of 
the end portion of the optical fiber, and 
wherein said method further comprises adjust- 
ing the optical coupling efficiency while rotat- 
ing the ferrule about its insertion direction. 
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